Geostrophic currents data near the coast of the Red Sea has large gaps. Hence, 10 the sea level anomaly (SLA) data of Jason-2 has been reprocessed and extended 11 towards the coast of the Red Sea and merged with AVISO data at the offshore 12 region. This processing has been applied to build a gridded data set to achieve 13 best results for the SLA and geostrophic current. The results obtained from the 14 new extended data at the coast are more consistent with the observed data 15 (CTD) and hence geostrophic current calculation. The patterns of SLA 16 distribution and geostrophic currents are divided into two seasons; winter 17 (October -May) and summer (June -September). The geostrophic currents in 18 summer are flowing southward all over the Red Sea except for narrow 19 northward flow along the east coast. In winter, currents flow to the north for the 20 entire Red Sea except for a small southward flow near the central eastern and 21 western coast. This flow is modified by the presence of the cyclonic and 22 anticyclonic eddies, which are more concentrated in the central and northern 23 Red Sea. The results show anticyclonic eddies (AE) on the eastern side of the 24 Red Sea and cyclonic eddies (CE) on the western side during winter. In summer, 25 cyclonic eddies are more dominant for the entire Red Sea. The result shows a 26 change in some eddies from anticyclonic during winter to cyclonic during 27 summer in the north between 26.3°N -27.5°N. Furthermore, the lifespan of 28 cyclonic eddies is longer than that of anticyclonic eddies.
Introduction
. Other studies describe the basin-scale circulation based on modelling approach, 48 usually forced at a relatively low-resolution (1°x1°) by buoyancy flux and global wind (Clifford coast and (2) the AVISO data along the axis of the Red Sea. The steps to merge the two datasets 126 and calculating the geostrophic currents are given below. 127 First, the along-track FSM data are used to produce gridded data to a spatial resolution of 128 0.25° × 0.25° for the comparison with Aviso data. In the second step, AVISO data near the coast 129 is removed, and replaced with the coastal FSM gridded data leaving space between the two data 130 set according to the width of the sea: either one or two grid cells. This gap was filled using kriging 131 interpolation method to smooth the dataset. The merged data hereafter called as FSM-SLA.
132
Finally, surface geostrophic currents are estimated from FSM-SLA data using the following 133 equation;
Where ( , ) is the surface geostrophic current, is gravity, f is the Coriolis parameter and is 136 the sea surface height. The estimation of geostrophic currents from CTD data is using the following 137 equation;
where ρ is the density of seawater, p is hydrostatic pressure derived from the density. The statistical analysis has been conducted to show the quality of FSM-SLA as compared 156 with AVISO. The Correlation Coefficient (CC) reveals a good agreement between the two weak correlation is found between the two datasets, the correlation coefficient being 0.45 to 0.7.
159
Furthermore, the observed SLA from the coastal tide gauge is compared with the FSM-SLA data 160 and AVISO datasets. data and the observed SLA data (at Jazan, Jeddah, and Yanbu stations) shows a better correlation 174 than between the AVISO and observed SLA data as shown in Fig.3 and Table . 2. These correlation 175 coefficient differences indicate that the FSM-SLA shows better accuracy near the coast. These CTD data.
Figure 4 shows a comparison between the geostrophic currents for the central Red Sea
It can be seen from the Fig. 4(b, d & f ) that there is a significant matching in the directions 186 of geostrophic currents from FSM-SLA with CTD data near the coast and offshore. This result is 187 in agreement with Bower and Farrar (2015) findings, especially in October 2011 ( Fig. 4f) . In the opposite direction (see Fig. 4a,4b ).
196 Table 3 . statistical analysis for the speed of geostrophic current from FSM-SLA and AVISO 197 compared with CTD-derived geostrophic current from the three cruises. 
